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(54) BANDGAP REFERENCE CIRCUIT 

(57) Abstract 

PROBLEM TO BE SOLVED: To reduce the occupied 
area of a bandgap reference circuit having a start-up 
function. 

SOLUTION: This bandgap reference circuit is constituted 
of a bandgap circuit 10 for generating a reference 
voltage, a start-up circuit 20 for accelerating the 
stabilization of the circuit 10 and a signal level 
conversion circuit 30. A transistor, having short 
channel length, is substituted for a PMOS 21a occupying 
a large area in the circuit 20, a current mirror is 
constituted of a PMOS 11 in the circuit 10 and a PMOS 
31, having the same channel length as that of the PMOS 
11 in order to prevent the generation of malfunction due 
to the mismatching signal levels, a current mirror is 
constituted of an NMOS 32 and an NMOS 34 having the 
same channel length as the NMOS 32, and the channel 
length of a PMOS 33 is set up to the same channel length 
of the PMOS 21a in the circuit 20 to constitute a 
current mirror. 
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ElBli. ft2a>*5Blc*j(+S«#UKjUffi»lHi»o!)^L 

SL^lz^g^$tl*^^tlcS2<D^t^^Dai^^<t^^:^s 

6 cdp^-^^;umo s h7>vx^ s Ku-f >*<iirE 
**ty— n:» i a>«#*<A***iv-x3&<«tt««ai 

l:SS?Hf-$30N5 1 A'^MOS h7>vX$t$ 

fc. i3O)^0/\*> K***;?i/7 7 u>x@Kicfc 

l*T\ VtEftl. 12, S3, !50)PMOSh7>v 

x*a>mtEtfftia«refey. S5ES4. sscdp 
mos h9>^x«o>mtt«E^i6Mtticd3t^rttEft 

1 (DfilJ:y /Jx*l^ft2(Dfil-efcoTt,*l^o T*fc<5fft3fc 
«7lSt(D/<> K^7^L/77 U>X@Bo S 
3(B*IPi<7>/<> K^7^l/77 UVXEJgglCfcl^T. 
ttEftl. 12, S3, i5(DPMOSh7>vX^(D 
ft^fiA<SKDi-efey, mlES4, I60PMO 
s K^>vx^<D^-v^;uSA<HtilHS i ©fflcfcy'hSi^ 

S2(DfttT*fco-Ctc*:t^ £ luESL 12, S 

3(DNft*JHVIOS h^>vX^<D^V^;uS*<BUfB 

S2<Dfit«fc y*#t^S3(Dfii-efeoTt^tNo 

[0 0 2 3] 



[«Bia>£tfea»Btt] HI i it. *^^<D/OK^^^^ 

20t CDRUIcjf -£§- L^;u3E»la]8&£tftl+ 

MO S St >t 7-e* 4 J: 5 «P«*1E U^JUzB^ L 
fcf f S 1 ^^^JUj&^hSt^fcABMEEtttW 

ffl-C/hSl^X^— h7^»WOPMOS 2 1 a St 
[0 0 2 4] HI ICfctxr. K*-V^^ISIB1 01* 

s*ty- Ku-f >4<stMz«a* *i* fc fc * rcflfjK- 

AtftiPMOS 1 1 KU-f >A<PMOS 1 1 CD K 
L"f >lcSSJ$tbfcNMOS 1 2d:, -iiil<NMOS 1 

}S1 3d:, v— X3b<VDDSaSlcSJ@c**iy— htfPM 
OS 1 1 <D KU-f XCfttt^tlfcPMOS 1 4 KU 
-f hi: PMOS1 4 0)K^><l:NMO 

s i 2 coy- K t izmmztiZ ttt> \zWA b fc tp y v 

— Xi<ftift|zSI«aF*i,fcNMOS 1 5fcS*Ltl^, 

\z»m £ h a a * «« a? *i k u >si^t 

BEttS^r3S<h-r >5> PMO S 1 6<h. — S^PMOS 1 6 (D 
KU^f >fc«tt*;fcfc*2<Dtttti TV— K*<* 

2CD»ln1 7 0>ft64BlCtttt$*L*V--K3&<«ifclC»tt$ 
*ifc5f-f=J— Kl 8<h£t*rLTl^o 

[002 5] X^-h77»1 2*,tt3fc#]CDB4£ 
H«Tffcy. V— X^VDDS3glC^$4xfcPMOS 
21 at. V— ^6<VDD«a(Z««**iy— h*<PM 
OS 2 1 a CD KU-f >lCjM»4iTVAC&tt«PMO 
S2 2£. -«3b<«Acicft|K$tu«btt^tti6lc»tt$ 

[0 0 2 6] 4:ftna)4t«(D«-9UK;t,Kftg]K3 0 

SA^]t^PMOS3 1 y— ht KU-f >^PMO 
S31fl)KM >I3»«**LV— A*<«*|ctt«**ifc 
NMOS34^ V — X*<VDD«aHfCffiJS**tKU-f 
>*<Y—hfc AD 1 lc»tt**i*tH»lc«^ 

S 2SX$- hr^^EJB2 O^PMOS 2 1 aO^ 
— hlCili^lt^PMOS 3 3<t. KU-f >^PMOS 3 
3 CD KU-f >l^}gg|$4xy— h^NMOS 3 2fl)KU-f 
>lC»«**lV--^a&<»»lr»IBStLfcNMOS 3 4 fc 

[0 0 2 7] B 1 l-fcl^T. PMOS 1 1 . PMOS 1 
4, PMOS16. PMOS22, PMOS31(Dft 



PMOS 2 1 a XI/ PMOS 3 3 I4» 1 (DfilcJ: L J l> 
120)1 (fct^tfO. 3 5j«m) OfV*;i/fitt 
&o£fc. NMOS12, NMOS15, NMOS3 
2, NMOS34tt»2<Dfl|«ky*#ft»3<Dtt («* 

[0 0 2 8] K^*?3f|§]ttl 0 WO PMOS 1 1 
t«#U^<;U«SiIglB3 OrtCDPMOS 3U^L/> 
h£^ — *8lJ*L* fS#U^<;uaE»iaB3 OrtiDNMO 
S3 2iNMOS3 4fctf*U>h57-S«)iEL, it 
§l/^HftlHljB3 0n(Z)PMOS 33i:X^-h77 
370S&2 OftCDPMOS 2 1 ai:^b> h £ ^ — 

jat*dfci-«ky . nfiimiEv t P 1 opmosici^ 

Lfcfl-§-S 1 £-HHl»IlV t p 2CDPMOSlC^&Lfc 
fl§S2i:i/^ftLtU4o 

[0 0 2 9] PMOS3 1©ft>*iKllt P 

MOS1 1 (D^-V>*;U«^»LT«7Lli3ftlZ**< 
K36£*U NMOS 3 40)?**JUMli« NMOS3 2 

a>^^>*;Hfic»LT«*i<4«i=**<Br«*ti, 

PMOS 2 1 aO)ft*^Sli» PMOS33(Dft> 
*;U«IZ»LTfl!l*tf 1 8f&!C*#<MSaF*i4 0 CCD 
«J«l=J:yx*— hT^^«f*B»|C|* % PMOS2 1a 
ICPMOS 1 1 CDHSitCl^tLT. 3x4x18 = 216 
fg<7>a3££PMOS 2 1 alCgEtC t*<-C*4 0 

[0 0 3 0] 02(4. **lklMlirfeit««i[(K|ft||tt 
«pirj3lt«»f^*-f 5>^H-C*S. B2-CI*. B4(D 
ttJflt'PMOS 2 1 CD^*;k6£>]x£<|S:£LTl£ 

»fiFS*i:fc«s*fttt3iim«ic % tsvooso. 

6V(D«BA>&3. 3 VCDttfg^±#£t>-Tl^o lil 
T\ 02S#lL^&0ia)/N*>K^7^U77L/ 

>xE£&cDI»ft£tftfB?- «. 

[003 1 ] S/UVDDCDmfiL^O. 6 V<Dt£ (t < 
t 10>B*M) ISA A 14. PMOS1 ICDHJSIe^ 

*"ca)MsaiNMos i 2<DpaiK«a-e<D«^a 
atA<fty«ors**«fairfey. vABtMtic* p 

MOS 1 4<D31JR|gfflttT?<D«Sd>«3Ki: NMOS 1 5 CD 

»sis«jgi-ca)«*«a4<»y^-3TS**«ttic* 

4o ttACf** «»2 3tili:rtt*«ttOVtttoT 
L^4 0 IpAD 1 CDlltel4. PMOS1 KDHSSSat 
CDS5££t><hC:PMOS 3 1 <tCD*J U> h^7- fccfctf 
NMOS32(!:NMOS34(b(D*U> h5^-5^L 
TPMOS 3 3lcgi*L4tt3KlcJ:ySSSA< % PMOS 

3 3 rcxti« VXflti'hd < nse«a<DffiH-efe-5fc 
sad 1 <Dnm*'PU< ( (vDDtfi) - 

(BiAD 1 (DSfi) ) < (PMOS3 30SffilEVt 
p2(D$6»fi&) *SafcLTPMOS 3 3*<t^«ffi*ft 

CVtp 2t'fc4PMOS 2 1 aCDt^tt@t^fiE$ 
*U /^K^*;?b77U>XB8Si*tWKr 
(DMOS h^>vX$rt<t:?#®lcfc& 0 



[0 0 3 2] B#£lJt 1 frZ>VDDnmt<&X\Z±g.&ft 

( (VDDlfi) - (SB/gD 1 Olfi) ) = (V t p 2 

$ — h 7 V ^0»O)»ja C <D«ftli»fci 2 3 & §fi 2 
4(DfctolZ V D D«S(D«tt±*aJtlC» LT«AMC|1 

[0 0 3 3] B#£lJ t 2IZfcl>TVDD«agC0afi[*<PM 
OS 11, PMOS 1 4)Si:(Dfif t^JKDMOS h7 

>2?X*0>MMIEV t p 1 0>*£»fil££g*.£t. PM 
OS1 1 tt*>«fit«jroTfl!jJ!lAttVDD«aSa)«fi: 
fr&KV t p 1 <5TLfcm<4^«or±»-r^o 
V D DiS0f(i±|l|Ci|oT PMO S 2 2(Df— h ■ 
V"XP B 1teiA<i8*tl)(Dl?PMOS 2 2(it>tti 
*<3**y* »AB4<3l»:*tS<i«. 

[0 0 3 4] B#$ljt 3t'!t ttiSBO>W{ft*<±»Lfc£ 
tlCcfcy NMOS 1 2WNMOS 1 5 1*^— h»flEA< 

to. ttjSAo>«tta)±»36<-»Mic#»-r*o ffiiSA<7) 

«tt±*4<flt5»r *CtlcJ:yvDD*a[t*jaAta> 
«tt*A<i(i*-r4a>-C. PMOS 1 1 lc8Ui««XA«4l 
:*;L. C;H<b*ju>h^ 7-0)iSi:fc^PMOS 3 i 

IC3StL-5S35tiiS*L, NMOS 3 2fccfctfNMOS 3 
40>*a^il*t-*. Lfctfot, ST/SD 1 a>mte(*B# 
SIJ t 4T?-B#MI:HSTU PMOS 3 3lc3it*i-&«SK3&< 
tligL*>U> h =5— (DmVkCD PMOS 2 1 al=SE*l<& 

(DW.iiLiZj5.r5 < t ^ PMOS 2 2 ~2 b.t±%>(D"Q * X 

ft»f=»«**t«. «aVDD35<BfSO)*ffi (H5-CI* 
3. 3 V) lc££-r<5t. /<>K^7?IB1 00)88 

[0 0 3 5] ttiiifty^fccfc^lc. **Jfi»ffll-33l^r 
I*. «#U^JU*«Bltt3 0(0»«lCj;y % t 1B#£l]£ 

■e(D»35VDDa>«(a3&<o. 6 v^&^jaraicfcitsgi 

AD10)9tttf ( (VDDH4) - (»jftDl"(D« 

) < (pmos 3 3a)Hfismi±v t p zo&nm 

ttt&<DT*. IMMKEEtfV t p 2T?fc£PMOS 2 1a 

KT^MfttfRTtefcfc*. *fc. PMOS2 1a 
£>^-V*;Ug£8 0 0 mfr&O. 3 5 jUmlC^St* -5^ 
tl3j:«ffiaSB^3&<*L^fcto, flfU^MBBt 

[0 0 3 6] 031*. *%H<Dff 2Xtfe»ttO>[s]RB-C 
B3lCfclvc\ /<>K^9?BB1 OCO^Jtfc 
£1/:**- h7^^l3tt2 0<D«*lzOL^ri4H 1 COB 



ttifCfl^S 25X5- h7^/^ISIK2 OCDPMOS 
2 1 aa)y-Hcttl6t4PMOS4 1i, Kb-f>4< 
PMOS 4 1 (7) KU*l/|:i««*;|xY— h4<ffi/SBlZ» 
«**lV-X4«8»IZ»«S*lfcNMOS42iSli 

[0 0 3 7] /<> K^f * ^ ^Sffi 1 0rt(DPMOS 1 
1, PMOS14, PMOS16tX$-h7^^ll]B 
2 OWOPMOS 2 2 tl±S— OB 1 (DttCDAl*?**- 
^Uft£*U PMOS41 tX$-H7^7§B20« 
CD PMOS 2 1 a tl*«1 a)tt*y/h$L^«2(Dfit(D^ 
**JUft£*U NMOS4 2t/^K^t'^lslBl 
OflCDNMOS 1 2fc^(/NMOS 1 5 t IS\ f 2(Dtl 

/<> K^-w^EiSi ortcDNMOs 1 5 td-^u^u 

ftMI(ElB4 O^NMOS 4 2lij]U> h £ ^ — S 
L> @«l:f§U^I/*»BB4 0rt©PMOS4 1 t 
— h7 ^^BIB2 OrtOPMOS 2 1 a(4^U> h 

[0 0 3 8] <t-^U<<;U^&[E]S&4 Of*. BlfltVEV t 

tlfcfl^S 1 £A*JLT. BWMtlEV t p 1 (DPMOS 
2 1 a**>*^-C#*«#U^jUCft^*-fr-C*** 

[0 0 3 9] SSOHSS^/SlCfcl^Tt. V D 
SiSS(i*<PMOS 2 1 aOHfilSBEV t p 2 ( = - 

o. sv) o>tt»fflcfcys< pmos i i *a>aafit«ffi 

Vtpl ( = -0. 9V) <Dtt*Hi«fey«L^O. 6V"C 
fe^JaVfrlCtt* 0^BCOmfiLl4NMOS 1 5(DEH1SBE 
V t niaT(^JS^0)T:NMOS 1 Sfc^lfNMOS 4 2 

VDDm31tSiiaD2CDS{iM^PMOS 4 1 P 
MOS 2 1 aCDHHMEEV t p 2 (DttttttJUTlCfcSa) 
T? PMOS 2 1 att*?tt«t*ry % «*t LTflFjftC 
(DSttl*. Hia)IliB«|rta)»«tB*Bl^ovfc«:« a 

[0 0 4 0] VDDl»DH4^0. 6V^b±St5 
t. V D D 1,S 1 0,§ C (Difii^ig^ L t P M O S 2 
2©*>ttfflA<SB*y. *j»BSf5iaiz3£«r*. tt& 
B t Stili^OlfiS^NMO S 1 SOHffiSEV t n $ 
S^tNMOSI 5tf*>#m£tiiZ>tm&flZNMOS 
4 2t»*>««t<py. *jftD20)*ttt5l#Tlf4o 
CtllCcky. PMOS 4 1 lc3ttt^S3S£^ig^:LPMO 
S2 1 alz3Mt4«a*lB*-r*fcto. MCOttttt 
v d Dm3g<7)a<i*r*^ai^±^Lr PMOS 22?t 
7ttBl::U «-h7*;^BB20lt^>K*f^ 

sa*^6«iy«is*t4. 

[0041] c<o«t5ir. m3<D\B\&mf$.T*\*. m i <d 



■C fc 5 fcftfr £ n=iE*«E X 5i - h 7 ^ifttt A< aim 
tU&ztlzliajLT* B3 0>«#U'<;ufcSi|aitt4 0tt 
2i©MOS h7^$T«*-C#4fl)1?. dSWffiH 

[0 0 4 2] 

-So 

[B2] «ixik»tti=«it«*ai{itiftniftm=jsit« 



[S3] *fga^<D/\> K4f -V '^1/77 UVXHSSCDm 
2Sffi&ffia>[glBIB-C&S. 

[04] tt*tt©/<>K*-*??U77U:/*iii8<©0 
[05] tt£ftto*9flU6llttltlci3l*<&att*<f S> 

10 /<>K**v?ia» 

11, 14, 16. 2 1. 22. 31 PMOS 

1 2. 1 5. 3 2, 3 4, 4 2 NMOS 
13, 17. 23 ftft 

is $f-f*— K 

20 X*— hT'f^EItt 

2 1a, 3 3, 4 1 PMOS (?■■* *;UgA</J*) 

2 4 §fi 

3 0, 4 0 ffif 



[Hi ] 




